Objectives To compare the effectiveness, reliability, and acceptability of estimating rates of adverse events and rates of preventable adverse events using three methods: cross sectional (data gathered in one day), prospective (data gathered during hospital stay), and retrospective (review of medical records). Design Independent assessment of three methods applied to one sample. Setting 37 wards in seven hospitals (three public, four private) in southwestern France. Participants 778 patients: medical (n = 278), surgical (n = 263), and obstetric (n = 237).
Introduction
Review of medical records is considered the benchmark for estimating the extent of medical injuries in hospitals. [1] [2] [3] [4] [5] [6] [7] But the limitations of this retrospective method raise the issue of alternative methods, especially since the epidemiology of adverse events and medical errors is moving towards other objectives, such as assessing the impact of risk reduction programmes and studying organisational and human factors. [8] [9] [10] We compared prospective and cross sectional methods for data collection with review of medical records for assessing rates of adverse events and rates of preventable adverse events in acute care hospitals in France. Although the cross sectional method is used to estimate prevalence and not incidence, we chose to study it because in France it is usually used to assess certain risks such as care related infections or adverse drug reactions. 11 12 
Methods
An adverse event was defined as an unintended injury caused by medical management rather than by a disease process and which resulted in death, life threatening illness, disability at time of discharge, admission to hospital, or prolongation of hospital stay. [2] [3] [4] [5] Preventable adverse events were those that would not have occurred if the patient had received ordinary standards of care appropriate for the time of the study.
Our population sample was inpatients in medical, surgical, and obstetric wards in acute care hospitals in Aquitaine, southwestern France (3 million inhabitants and 14 000 hospital beds). The sample was obtained by a two stage cluster stratified process (see figure on bmj.com). For each hospital in each stratum, we selected wards proportional to the number of hospital beds (proportional allocation).
Independent investigators consecutively applied the three methods to the sample (fig 1) . We used two questionnaires, which were adapted from an English survey. 5 One was used for detection (by nurses and midwives) and one for confirmation (by doctors). The questionnaires were used three times for each patient, one for each method. The detection and confirmation questionnaires used for record review and the questionnaire used for data collection from clinical teams were similar. Possible adverse events were detected by two nurses in medicine and surgery and two midwives in obstetrics. One nurse or midwife performed the cross sectional and prospective methods and the other reviewed the medical records. Three fully qualified doctors in each ward identified cases, one for each method. Each doctor participated equally in the three methods.
Data collection
Cross sectional method Patients were included on the day that the cross sectional method was performed, when the nurses or midwives interviewed the head nurse and if necessary consulted the patient's medical records on the basis of 17 criteria (box 1). Patients who screened positive were referred to the physician investigator, who interviewed the doctor (resident or senior doctor) who managed the patient on the day of data collection,
The sampling strategy is on bmj.com and consulted the patient's medical records if necessary. That day constituted the first day of the prospective method.
Prospective method
For the prospective method the detection investigators visited the ward on day one of the survey and on two other occasions during the first seven days, then once a week for up to a month. The doctor involved in the prospective method visited the ward at the end of the first week then when the last patient was discharged or on day 30 if patients were still present. Thus patients with adverse events detected on the first day were confirmed by two different doctors one week apart.
Retrospective method
For the retrospective method, review of the medical records began 30 days after the cross sectional method. The proportion of cases (incidence rate for retrospective and prospective methods, point prevalence for cross sectional method) was computed by taking into account the hospital's cluster effect, using the svy program (release 5.0; STATA).
Outcome measures and statistical analysis
Effectiveness of the methods was determined by the proportion of cases identified in relation to a reference list. This list was based on the adverse events identified by any one of the three methods. We checked each adverse event with the ward doctors and with the investigators to resolve any conflicts. We calculated the proportion of preventable cases (at least one preventable adverse event) detected by each method in relation to the reference method. We used paired 2 tests to compare the effectiveness of the prospective and retrospective methods for identifying cases, preventable cases, and their subgroups (adverse events occurring during hospital stay, those responsible for all or part of hospital admission, and the most serious-associated with death or life threatening illness). For these subgroup analyses, we aggregated data from the medical and surgical wards using an equivalent weight, because in France the number of beds in these specialties is similar. 13 Reliability of the prospective method was assessed from cases detected on the first day of the study and confirmed twice-by the doctors performing the cross sectional and prospective methods. Acceptability of the workload and face validity of the results were assessed during sessions with each clinical team after data analysis in the clinical wards. Questions were open ended and participants could express their perception of the workload and of the truthfulness of the results of each method.
Results
We selected 37 wards in three public and four private hospitals: medical (n = 15), surgical (n = 14), and obstetric (n = 8). Overall, 786 patients were included on the day of the cross sectional method. Eight were excluded because they were still present on day 30, precluding the review of their medical records. The three methods were therefore applied to 778 patients: 278 in medicine, 263 in surgery, and 237 in obstetrics. The adverse event rates found by the prospective and retrospective methods were similar and the point prevalence obtained by the cross sectional method was about one third lower than that of the other two methods (table). The incidence of preventable adverse events assessed prospectively was 25% higher than that assessed retrospectively.
Thirteen of the 254 adverse events were excluded from the reference list and considered as false positives (12 of the adverse events identified by the cross sectional method, none by the prospective method, and one by the retrospective method). The final list comprised 241 adverse events in 174 patients (110/80 in medicine, 114/80 in surgery, and 17/14 in obstetrics). Of these 174 patients, 122 (70%) had one adverse event, 38 (22%) had two adverse events, and 14 (8%) had three adverse events (125 patients had at least one adverse event on the day of cross sectional data collection). The cross sectional method identified 39 (64%) of the medical cases, 32 (56%) of the surgical cases, and 5 (45%) of the obstetric cases, and, respectively, 18 (51%), 6 (27%), and 3 (43%) of the preventable ones (fig 2) . None of the most serious adverse events were identified. The prospective method identified 63 (79%) of the medical cases, 49 (61%) of the surgical cases, and 8 (57%) of the obstetric cases, and, respectively, 32 (74%), 12 (46%), and 4 (44%) of the preventable cases. The retrospective method identified 43 (54%) of the medical cases, 61 (76%) of the surgical cases, and 8 (57%) of the obstetric cases, and, respectively, 16 (37%), 12 (46%), and 3 (33%) of the preventable cases. The prospective method was significantly more effective than the retrospective method at identifying cases in medicine (paired 2 = 8.64, P < 0.01) and tended to be less effective at identifying cases in surgery (paired 2 = 3.24, P < 0.07). The prospective method was significantly more effective at identifying preventable cases in medicine (paired 2 = 3.0, P < 0.005) but no difference was observed in surgery. In obstetrics, effectiveness was not different but there were too few adverse events to draw conclusions.
When the medical and surgical cases were aggregated, the prospective and retrospective methods showed similar effectiveness (70% and 66% of 160 patients identified, respectively), but the prospective method was more effective at identifying preventable cases (64% and 40% of 71 patients, respectively; P < 0.02). Effectiveness was similar for adverse events occurring during hospital stay (68% and 64% of 110 patients), those responsible for hospital admissions (63% and 59% of 75 patients), and the most serious events (44% and 33% of 52 patients).
Reliability of cases identified among the 145 cases detected on the first day of study was good (global agreement 91.7%; = 0.83, 95% confidence interval 0.67 to 0.99), but agreement about preventability was low (67.8%; = 0.31, 0.05 to 0.57).
The workload for the prospective and cross sectional methods was perceived as similar, as the phase considered most time consuming for the staff was detection on the first day of data collection (average three hours in wards with 25 patients). Workload was perceived as less for the retrospective method but not negligible, especially when the information sources were multiple and the search was performed by the secretarial staff. The hospital staff constantly preferred the cross sectional and prospective methods because of their pedagogical and communicative virtues.
Discussion
The retrospective method of data collection by review of medical records is as effective as the prospective method (data gathered during hospital stay) for estimating adverse event rates. Given the presently evolving aims of epidemiology for adverse events, the prospective method has several advantages over retrospective and cross sectional (data gathered on a given day) methods. It identified more preventable cases, was more reliable, had better face validity, and involved an acceptable workload.
Limitations of study
The external validity of perception of workload is questionable because it was assessed in a limited number of care teams without using a structured interview. The external validity of effectiveness and reliability seems reasonable because our sample was obtained by random sampling and stratification and because we applied the three methods to the same sample. Nevertheless, bias may have been present due to the small number of hospitals and wards. In medicine especially, the preventable cases may have been under-represented because two of the 15 wards specialised in oncology and accounted for 23 of the 110 (21%) adverse events, of which only five were preventable. Incidence was not an objective of our study and is subject to biases from inclusion of patients on a given day and because we did not take into account adverse events between admission to hospital and the first day of data collection (median four days). The incidence of adverse events found by review of the medical records was, however, consistent with previous findings. 2 5 7 14 Another limitation concerns the reference list. Because there is no gold standard for the reference list, we checked all cases with the investigators and the clinical teams to resolve conflicts. 14 The list may have contained errors because it was established by doctors, and not all the doctors involved in adverse events participated in this process. However, the validity (7) 10 (4) 17 (8) (3) 27 (13) 11 (7) of the list would have been questionable if doctors had agreed with cases identified by the prospective method (because they were involved in their identification) and had invalidated many of the cases identified by the retrospective method; only one case was invalidated. Another drawback to internal validity was better than usual identification of adverse events by the retrospective method because the care teams were involved in the identification of events during the prospective method. This bias in favour of the retrospective method was not likely since the number of cases identified by the retrospective or prospective methods was similar. All eight patients who were still in the clinical wards at the beginning of the retrospective method (so medical record review could not be performed) had adverse events according to the prospective method. This may have resulted in bias in favour of the prospective method.
Strengths of study
One strength of our study was the different results shown according to ward type by stratification. Unlike our results, another study found that the prospective method detected twice to four times more complication rates in surgical patients than did a review of medical records. 15 These results may be due to differences in definitions or in data collection. The prospective method has proved more effective than the retrospective method for specific risks. 16 17 In contrast to medicine and surgery, data on the incidence of obstetrical adverse events are sparse. 18 Most studies focus on a limited number of events. 19 The performance of methods and the definition of adverse events that led to a high frequency of positive screening and low frequency of identification should be questioned. Adverse events in obstetrics are, however, of major importance even at low rates, because the patients are generally healthy women. Large studies are needed to determine whether lowering the level of severity of adverse events or pursuing follow up systematically after discharge would adequately increase the performance of the epidemiological methods. We did not include obstetric cases in our aggregated analyses because of their rarity and clinical difference to medical and surgical ones.
Prevalence surveys are commonly conducted for specific risks. 12 20 21 Such methods may be more valid for adverse drug reactions that occur before an index admission and that were the reason for admission. 10 Overall, 11 of the 28 nosocomial infections in our study that should have been identified by the cross sectional method were missed. Such false negatives may be an issue in epidemiological studies that follow trends over time. The cross sectional method should be used cautiously to assess the incidence of adverse events globally because of the high rate of false positives and false negatives. Because we expected the cross sectional method to be less effective, we aimed to assess the extent of the lack of effectiveness. The cross sectional method is less expensive than the retrospective or prospective methods, is easier for non-epidemiologists to understand, and allows clinical team to collect data.
Conclusions
Our results provide new insights into the epidemiology of adverse events. Firstly, they suggest ways to improve prospective assessment. The under identification of cases was mostly due to medical staff inadequately grasping the concept of adverse events. For example, they did not consider events as adverse if they were frequent or the patient recovered without sequelae. Under identification could be reduced by providing doctors with detailed information before data collection and by reviewing medical records before interviewing the doctors. Secondly, our results suggest that the prospective method is preferable for assessing the impact of risk reduction programmes (better reliability), for convincing clinical teams that their errors may contribute significantly to adverse events (better face validity resulting partly from team's involvement in data collection), for improving the assessment of consequences, and for studying 
What is already known on this topic
Estimates of adverse event rates from large studies are based on review of medical records, despite limitations
The epidemiology of adverse events is moving towards more analytical and evaluative goals for which these limitations may be serious issues
What this study adds
No reference method exists for identifying adverse events
The retrospective method is appropriate for estimating rates of adverse events
The prospective method, based on data gathered from wards, should be preferred for describing causes and consequences of adverse events and for evaluating risk reduction programmes
The type of epidemiological method should be chosen according to objectives
